Characterization of the molecular clock in mouse peritoneal macrophages.
Macrophages play essential roles in the innate immune system. In this study, we show that macrophage functions such as phagocytosis and cytokine/chemokine expressions display a circadian rhythm that is regulated by a molecular clock. Phagocytosis, a crucial early reaction by which macrophages protect their host against foreign particles, exhibited a circadian variation that peaks during the light period and bottoms during the dark period. These diurnal changes of phagocytosis activity in macrophages were induced without exogenous stimulants such as bacterial infection. The expression of the clock genes including brain and muscle Arnt-like protein-1 (BMAL1) exhibited robust circadian rhythms in macrophages. The expression patterns of the clock genes in macrophages were similar to those in the suprachiasmatic nucleus and other peripheral tissues. Among inflammation factors examined, the level of monocyte chemoattractant protein-1 (MCP-1/JE) mRNA exhibited most robust circadian oscillation. Expression of other cytokines such as IL-1beta, IL-6 and TNFalpha showed mild diurnal changes. Knockdown of the BMAL1 expression resulted in a decrease of the MCP-1/JE mRNA level in macrophages. BMAL1 increased significantly but weakly MCP-1/JE promoter activity. MCP-1/JE promoter activity is known to be regulated by nuclear factor-kappa B (NF-kappaB). NF-kappaB activity in BMAL1 knockdown macrophages was lower than that in control cells. Consequently, the circadian expression of MCP-1/JE in macrophages is regulated by BMAL1 through the activation of NF-kappaB. The results obtained in this study indicate that the innate immunoreactions involving macrophages are at least partly regulated by the autonomous clock machinery.